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Abstract  
In this study, TiO2 doped with SnO2 thin films were preparaed by the sol-gel method. The thin films were 
deposited onto glass substrate and calcinations at the temperature of 700 °C for 2 h with the heating rate of 10 
°C/min. Doping concentrations were varied between 0 to 5 %mol. Microstructures of the fabricated thin films were 
characterized by SEM and XRD techniques. The photocatalytic properties of the thin films were also tested via the 
degradation of methylene blue (MB) solution under fluorescent irradiation. Finally, self-cleaning properties of thin 
films were evaluated by measuring the contact angle of water droplet on the thin films with and without fluorescent 
irradiation. The result showed that TiO2 doped with 1 mol% of SnO2 thin films has highest photocatalytic and self-
cleaning properties under fluorescent irradiation. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Titanium dioxide (TiO2) has many applications in the environment. TiO2 under UV irradiation exhibits 
photocatalytic activity that enables the oxidatiive destruction of a wide range of organic compounds and biological 
species, causing self-decontanmination effce. In additional, TiO2 exposed under UV exhibits photocatalytically 
induced superhydrophilicity that converts the hydrophobic character of surface to hydrophilic and forms the unifrom 
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water film, which prevents the adhesion of inorganic or organic components on its surface, with retained cleanliness 
[1]. The TiO2 thin films may be deployed on the surface of various substrates, such as glass, ceramics, metals, 
textiles, cement, bricks or fibers to provide layer that exhibits self sterilisation and self cleaing properties, when it is 
exposed to the light. Many studies have been reported on doping metal oxides to TiO2 to improve efficiency of TiO2 
photocatalyst [2]. The most popular oxide doped to TiO2 is SnO2 [3-5]. Doping SnO2 in TiO2 thin films could also 
improve hydrophilicity and photocatalytic activity of composite thin films due to reduction of TiO2 particle growth 
rate [2, 4]. 
TiO2 thin film can be prepared by many methods such as sol–gel [6-7], electrochemical deposition [8] and 
chemical vapor deposition (CVD) [9]. The sol–gel method was recently developed as a general and powerful 
approach for preparing inorganic materials such as ceramics and glasses. In this method, a soluble precursor 
molecule is hydrolyzed to form a colloidal dispersion (the sol). Further reaction causes bonds to form among the sol 
particles, resulting in an inﬁnite network of particles (the gel). The gel is typically heated to yield the desired 
material. Methods for the synthesis of inorganic materials have advantages more than conventional methods of 
synthesis. For example, high-purity materials can be synthesized at low temperatures [10-11]. In addition, 
homogeneous multi component systems can be obtained by mixing precursor solutions, which allows for easy 
chemical doping of the materials prepared. 
In this study, TiO2 doped with SnO2 thin films coated on glass substrate were fabricated using a sol-gel dip 
coating technique. The thin films were calcined at the temperature of 700 °C for 2 h with the heating rate of 10 
°C/min. The microstructures of the fabricated thin films were characterized by SEM and XRD techniques. The 
effect of SnO2 doping in the precursor solution on the self-cleaning or hydrophilicity and photocatalytic properties 
of thin films were evaluated by measuring the contact angle for water of TiO2 doped with SnO2 thin films and the 
photocatalytic decolorization of aqueous methylene blue (MB), respectively. 
2. Experimental  and Details 
2.1. Preparation thin films 
All chemicals obtained from Fluka were analytical grades and were used without further purification. Based on 
our previous studies [12-13], TiO2 doped with SnO2 thin films were prepared via sol-gel method. Firstly, 
SnCl4.5H2O with fixed at 0, 1, 3 and 5 mol% of TiO2 and Titanium (IV) isoproxide (TTIP) with fixed at 10 ml were 
mixed into 150 ml of ethanol (C2H5OH) and the mixture was vigorously stirred at room temperature for 15 min. The 
pH of mixed solution was adjusted to about 3-4 by 3 ml of 2 M nitric acid (HNO3). Finally, it was vigorously stirred 
at room temperature for 30 min until a clear sol was formed. The thin films were deposited on glass substrates by 
dip-coating process at room temperature with the drawing speed of about 1.25 mm/s. The coated samples were dried 
at room temperature for 24 h and calcined at the temperature of 700 °C for 2 h with a heating rate of 10 °C/min. 
All samples were designated as TP, T1S, T3S and T5S of various mol ratios of SnO2 to TiO2 were 0, 1, 3 and 5 
%mol, respectively. 
2.2. Characterizations 
The morphology and particle size of the synthesized thin films were characterized by a Scanning Electron 
Microscope (SEM) (Quanta 400). The phase composition was characterized using an x-ray diffractometer (XRD) 
(Phillips X’pert MPD, Cu-K). The crystallite size was calculated by the Scherer equation, Eq. (1), [14-15]. 
D = 0.9 λ / β cosθB                                                                                                                     (1) 
Where D is the average crystallite size, k is equal to 0.9, a shape factor for spherical particles, λ is the X-ray 
wavelength (λ = 0.154 nm), θ is the Bragg angle and β = B–b, the line broadening. B is the full width of the 
diffraction line at half of the maximum intensity and b = 0.042 is the instrumental broadening. 
2.3. Photocatalytic properties 
The photocatalytic activity was evaluated by the degradation of MB under fluorescent irradiation using eleven 50 
W of fluorescent lamps. The thin films with an area of 26 x 30 cm2 was soaked in a 4 ml of MB with a concentration 
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of 1×10-6 M and kept in a chamber under fluorescent irradiation for 0, 1, 2, 3, 4, 5 and 6 h. Before light was turned 
on, the solution was continuously kept in the dark chamber for 1 h in order to ensure the establishment of an 
adsorption-desorption equilibrium between photocatalyst sample and MB. After photo-treatment for a certain time, 
the concentration of treated solution was measured by UV-Vis (GENESYS™ 10S). The ratio of remained 
concentration to initial concentration of MB calculated by C/C0 [14-16] was plotted against irradiation time in order 
to observe the photocatalytic degradation and the percentage degradation of the MB molecules was calculated by 
Eq. (2) [14, 17-19]. 
M = 100(C0-C)/C0                                                                         (2) 
Where M is the percentage degradation of the MB molecules, C0 is the concentration of MB aqueous solution at 
the beginning (1×10-6 M) and C is the concentration of MB aqueous solution after exposure to a light source. 
2.4. Hydrophilic properties 
The hydrophilic property or self-cleaning was evaluated by measuring the contact angle of water droplet on the 
thin film with and without fluorescent irradiation using 110 W of fluorescent lamps under an ambient condition at 
25 °C. Water droplets were placed at 3 different positions for one sample and the average value was adopted as the 
contact angle [12-13, 20]. 
3. Result and Discussion 
3.1. Characterization 
Based on our previous studies [12], Figure 1 shows the XRD patterns of TiO2 doped with SnO2 thin films. TiO2 
crystallizes in anatase phase under present experimental conditiuons and the structure parameters are in agreement 
with reference data. (JCPDS file no. 21-1272). Structure parameters of SnO2 also match with the reported data. 
(JCPDS file no. 21-1250). X-ray diffraction peak at 25.5° corresponds to characteristic peak of crystal plane (1 0 1) 
of anatase (TiO2) in all thin films [21]. According to the XRD patterns, T3S and T5S constituted of mix phase of 
anatase and rutile phase and SnO2 phase (36° and 42°) due to high doping of SnO2 into TiO2 thin films can 
transfrom to rutile and SnO2 phase, most probably due to the effect of SnO2 content in the thin films. Sn-compound 
phase was not detected here due to a very small amount of SnO2 doping (1 %mol or T1S). The average crystallite 
size of thin films was determined from the XRD patterns, according to Scherer equation. The average crystallite 
sizes of the anatase phase of TiO2 and TiO2 doped with SnO2 thin films are shown in Table 1. It was apparent that 
SnO2 added in TiO2 has significantly effect on crystallite size [2, 12-13, 22], with the crystallitesize of the anatase 
phase decrease with increases of SnO2 doping due to the effect of SnO2 content in the thin films. It was found that 
TiO2 doped with 1 mol% of SnO2 (T1S) show the smallest crystallite size. The surface morphology was observed 
with SEM at a magnification of 50,000X. Figure 2 shows cross-sectional morphologies of TiO2 doped with SnO2 
thin films coated on the glass substrates. It was found that the thicknesses of thin films were in the range of 0.25 to 
0.50 µm. Their surfaces are dense and very smooth. 
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Figure 1 The XRD patterns of TiO2 doped with SnO2 thin films [12] 
Table 1 The average crystallite size of the anatase phase in TiO2 and TiO2 doped with SnO2 thin films 
 
Samples Crystallite size (nm) 
TP 
T1S 
T3S 
T5S 
46.1 
20.7 
27.6 
41.4 
 
 
 
Figure 2 SEM images of TiO2 and TiO2 doped with SnO2 thin films [12] 
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3.2. Photocatalytic activity 
The photocatalytic degradation of equeous MB solution by using TiO2 doped SnO2 thin films under fluorescent 
irradiation are show in Figure 3. It was apparent that SnO2 added in TiO2 has significantly effect on photocatalytic 
reaction under fluorescent irradiation compared with undoped SnO2. For TiO2 doped with SnO2 composites thin 
films, it was found that the photocatalytic activity decreases with increases SnO2 doping. TiO2 doped with 1 mol% 
of SnO2 composites thin films were found to give the highest photocatalytic activity under fluorescent irradiation 
due to the smallest crystallite size of anatase phase [12-13, 15, 22]. 
The MB degradation percentage of thin films under UV irradiation is shown in Table 2. It was found that MB 
degradation percentage of thin films under fluorescent irradiation for 6 h are 22.9, 33.14, 28.68 and 26.31% for 0, 1, 
3 and 5 mol% of SnO2 doping, respectively. It was found that TiO2 doped with 1 mol% of SnO2 showed the best 
photocatalytic properties [12-13, 22]. 
 
 
 
Figure 3 The photocatalytic activity of TiO2 doped with SnO2 thin films under fluorescent irradiation 
 
Table 2 The %degradation of MB in TiO2 doped with SnO2 thin films under fluorescent irradiation% 
 
Samples 
Degradation of MB under fluorescent irradiation 
1 h 2 h 3 h 4 h 5 h 6 h 
TP 4.45 7.32 10.78 13.35 15.83 18.10 
T1S 10.19 15.33 19.78 23.64 26.90 28.98 
T3S 7.81 10.98 14.84 18.79 21.56 24.73 
T5S 6.43 9.89 13.06 16.82 18.79 21.76 
3.3. Hydrophilic properties 
Self-cleaning properties of TiO2 doped with SnO2 thin films based on hydrophilic phenomenon can be 
considered in terms of contact angle of water droplets on the thin films. The contact angles of water droplets TiO2 
and TiO2 doped with SnO2 thin films coating on the glass substrate measured under under fluorescent irradiation for 
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0, 10, 30 and 60 min are shown in Table 3. It was apparent that SnO2 added in TiO2 has significantly effect on 
hydrophilic properties under fluorescent irradiation [3, 12-13, 22], with the hydrophilic properties increases with 
increases SnO2 doping. It should be note here that the all samples tested for hydrophilicity for were placed for 60 
min under fluorescent irradiation prior to measurement. It found that the contact angle for water is 39.7, 27.3, 30.2 
and 36.3° for the TiO2 thin films with SnO2 doping 0, 1, 3 and 5 mol%, respectively. It was found that TiO2 doped 
with 1 mol% of SnO2 showed the best self-cleaning properties. 
The result indicated that low doping of SnO2 can improve the hydrophilicity of the TiO2 thin films, most 
probably due to the increase of hydroxyl group in the thin films [3]. The image of water droplet contact angle of 
TiO2 doped with SnO2 thin films measured during 60 min fluorescent irradiation are illustrated in Figure 4. 
 
 
 
 
Table 3 The contact angles of water droplets on TiO2 doped with SnO2 thin films after fluorescent irradiation  
 
Samples 
Contact angles (°) 
0 min 10 min 30 min 60 min 
TP 57.3 51.1 45.3 39.7 
T1S 40.9 36.0 29.6 27.3 
T3S 46.1 38.8 34.0 30.2 
T5S 51.1 44.2 39.5 36.3 
 
 
 
 
 
 
Figure 4 Image of water droplet contact angle of TiO2 doped with SnO2 thin films under fluorescent irradiation 
TP 
T1S 
T3S 
T5S 
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4. Summary 
 In this work, TiO2 doped with SnO2 thin films were prepared by the sol-gel dip coating technique. Phase 
transformation, surface morphology, photocatalytic and hydrophilic or self-cleaning properties under fluorescent 
irradiation of thin films were investigated and concluded as followings, 
 1. It was found that glass substrate coated with SnO2 to added TiO2 thin films enhances the photocatalytic and 
self-cleaning property. 
 2. TiO2 thin films with doping SnO2 1 %mol were found to exhibit the best photocatalytic (28.98% for 6 h) and 
hydrophilic or self-cleaning properties (27.3° for 60 min). 
 
 
 
Acknowledgements 
 
The authors would like to acknowledge Rajabhat University, Thailand for financial support of this research. 
 
Reference 
[1]  Tryba B, Piszcz M, Morawski AW. Photocatalytic and self-cleaning properties of Ag-doped TiO2. The Open Materials Science 
Journal 2010; 4: 5-8. 
[2]  Sikong L, Kooptarnond K., Niyomwas S, Damchan J. (2010). Photoactivity and hydrophilic property of SiO2 and SnO2 co-doped TiO2 
nano-composites thin films. Songklanakarin Journal Science and Technology 2010;  32(4): 413-418. 
[3]  Farbod M, Rezaian, S. An investigation of super-hydrophilic properties of TiO2/SnO2 nano composite thin films. Thin Solid Films 
2012; 520: 1954-1958. 
[4]  Liu Q, Wu X, Wang B, Liu Q. Preparation and super-hydrophilic propertes of TiO2/SnO2 composite thin films. Materials Research 
Bulletin 2002; 37: 2255-2262. 
[5]  Ohsaki H, Kanai N, Fukunaga Y, Suzuki M, Watanabe T, Hashimoto K. Photocatalytic properties of SnO2/TiO2 multilayers. Thin 
Solid Films 2006; 502: 138-142. 
[6]  Schmidt H, Jonschke G, Goedicke S, Mening M. The sol-gel process as a basic technology for nanoparticle-dispersed inorganic-
organic composites. Journal of Sol-Gel Science and Technology 2000; 19: 39-51. 
[7]  Xianfeng Y, Feng C, Jinlong Z. Effect of calcination on the physical and photocatalytic properties of TiO2 powders prepared by sol-
gel template method. Journal of Sol-Gel Science and Technology 2005; 34: 181-187. 
[8]  Lokhande CD, Bong OP, Hyung SP, Kwang DJ. Electrodeposition of TiO2 and RuO2 thin films for morphology-dependent 
applications. Journal of Ultramicroscopy 2005; 105: 267-274. 
[9]  Hongfu S, Chenngyu W, Shihong P, Xiping L, Ying T, Huajuan T, Ming L. Photocatalytic TiO2 films prepared by chemical vapor 
deposition at atmosphere pressure. Journal of Non-Crystalline Solids 2008; 354: 1440-1443. 
[10]  Jerzy Z. Past and present of sol-gel science technology. Journal of Sol-Gel Science and Technology 1997; 8 : 17-22. 
[11]  Tianfa W, Jianping G, Juyun S, Zhongshen Z. Preparation and characterization of TiO2 thin films by the sol-gel process. Journal of 
Materials Science Letters 2001; 35: 5923-5926. 
[12] Sangchay W, Rattanakool T. Effect of SnO2 addition into TiO2 thin films on photocatalytic activity and hydrophilic property. 
Advanced Materials Research 2014; 979: 90-93. 
[13] Sangchay W. Contact angle of TiO2/SnO2 thin films coated on glass substrate. Walailak Journal of Science and Technology 2014; 
10(5): 429-436. 
[14]  Sayilkan F, Asilturk M, Kiraz N, Burunkaya E. Photocatalytic antibacterial performance of Sn4+-doped TiO2 thin films on glass 
substrate. Journal of Hazardous materials 2009; 162: 1309-1316. 
[15]  Sangchay W, Sikong L, Kooptarnond K. Comparison of photocatalytic reaction of commercial P25 and synthetic TiO2-AgCl 
nanoparticles., Procedia Engineering 2001; 32: 590-596. 
[16]  Sangchay W. Photocatalytic and antibacterial activity of Ag-doped TiO2 nanoparticles. KKU Research Journal 2013; 18(5): 731-738. 
[17]  Sangchay W, Sikong L, Kooptarnond K. The Photocatalytic and antibacterial activity of Cu-doped TiO2 thin films. Walailuk Journal 
of Science and Technology 2012; 10(1): 19-27. 
[18]  Sangchay W. Fe doped TiO2 thin films coated on glass fiber to inhibit bacterial of E. coli preparation by sol-gel method. Digest 
Journal of Nanomaterials and Biostructures 2014; 9(4): 1593-1601 
[19]  Sangchay W, Ubonchonlakat K. Photocatalytic disinfection of water containing E. coli using Fe3+ doped TiO2 thin films coated on 
glass fibers. Digest Journal of Nanomaterials and Biostructures 2015; 10(1): 283-290. 
[20]  Sangchay W, Sikong L, Kooptarnond K. Photochromic and self-cleaning properties of TiO2-AgCl/TiO2-xCu thin films. Journal of 
Nanoscience and Nanotechnology 2013; 13: 1448-1452. 
[21]  Kaleji BK., Mamoory RS. Nanocrystalline sol-gel TiO2-SnO2 coating: preparation, characterization and photo-catalytic performance. 
Materials Research Bulletin 2012; 47: 362-369. 
[22] Sangchay W. Self-cleaning and photocatalytic properties of TiO2/SnO2 thin films. Industrial Technology Lampang Rajabhat 
University Journal 2014; 7(1): 107-116. 
